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Grazing incidence x-ray techniques are presented for characterizing surface and thin film
structures. Reflection and refraction effects are significant when X-ray glancing angle to the
material surface is less than one degree. Under such a condition, intensity of the transmitted
x-ray at the surface is increased and x-ray reflectivity (XRR), scattering, and diffraction are
very sensitive for the surface structures. In this paper a principle of the refraction phenomenon
and calculation methods for x-ray reflectivity and surface diffraction/scattering intensities are
reviewed briefly. Organosilane monolayer and thin ZrO, films are analyzed by using XRR.
Grazing incidence x-ray diffraction (GIXD) is applied to characterize in-plane structures of '

organic monolayers both on water surface and silicon wafer. InP surface structure in a MOCVD

growth chamber is also reviewed.
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Fig.1 Refraction and Reflection at the surface.
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Fig.2 (a) X-ray reflectivity R and penetration
depth [, (b) Intensity of refracted x-rays T for
silicon and GaAs surface with Cu Ko line (A
=1.54A).
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Fig 3. Oscillation of the reflectivity curve of Au thin
film on silicon substrate.
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Fig. 4 Measured and calculated x-ray reflectivity
curves for organosilane monolayer grown on
silicon substrate [7].
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Fig. 5 Measured and calculated x-ray reflectivity
curves for ZrO, thin films (a) as deposited and (b) after
annealing.

Thick. Densit Rough,

Sample Layers (nm) ( g/cm3))l ﬁnn%
Zi0) 075 5.88 0.31

As-deposi  ZrO,(I)  0.41 4.75 0.1
ted ZtSi,0 1.33 3.31 0.1
Si(Sub.) - 2.33 0.28

ZioI)  1.09 5.13 0.28

. ZrSi,0 038 3.96 0.1
Amealing 5 'S0 078 361 0.1
Si(Sub.) - 233 0.3

Table 1. Optimized film parameters for the calculated
curves in fig. 5.
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Fig. 6 Grazing incidence x-ray diffraction. (a) Coplanar
and (b) non-coplanar geometries.
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Fig. 7 An experimental set-up of a liquid surface
diffractometer at Hasylab, Hamburg [9].
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Fig. 8 GIXD patterns of C;OH monolayer over pure
water. (a) Along the isotherm at 25°C, (b) along the
isobar at 30 mN/m [10].
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Fig. 9. Diffraction profiles along Bragg rod (g,) from a monolayer of closed-packed

alkyl chains and corresponding syructures [9].
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Fig. 10 GIXD pattems for an organosilane
monolayer on silicon substrate along to different
directions [11].
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points of the InP bulk crystal. (b) Displacement of
the surface atoms [12].
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